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Abstract
In this work, we will evaluate the nucleon helicity flip form factor at the limit of large momentum
transfer. Hereby, we will study the exchange of one and two virtual photons separately. For the
calculation of the scattering amplitudes and nucleon transition probability matrix elements, we
combine QCD perturbation theory with an expansion in nucleon distribution amplitudes. Using
the combination of leading and sub-leading twist nucleon distribution amplitudes, one obtains the
desired form factor. Using this technique, we will obtain a divergent result for the form factor.
Nevertheless, the structure of the divergency can be extracted. Finally, we will comment the
obtained expressions and discuss the behavior in unpolarized and polarized cross sections.
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I. INTRODUCTION
Elastic electron nucleon scattering mediated by the electromagnetic interaction is the
most considered process to receive information about the nucleon structure within QCD.
Applying the basic one photon exchange approximation, the required nucleon transition
probability matrix elements are traditionally expressed by the Dirac form factor and the
Pauli form factor or, equivalently, the magnetic form factor and the electric form factor.
For convenience, we use the representation by the magnetic form factor and the Pauli form
factor. Moreover, we concentrate our considerations on the proton form factors
〈p(P ′)|Jemµ (0)|p(P )〉 = N¯(P
′)
[
GpM(Q
2)γµ − F
p
2 (Q
2)
(P ′ + P )µ
2mN
]
N(P ) (1)
〈n(P ′)|Jemµ (0)|n(P )〉 = N¯(P
′)
[
GnM(Q
2)γµ − F
n
2 (Q
2)
(P ′ + P )µ
2mN
]
N(P ). (2)
At large momentum transfer Q2 = −q2 = −(P ′ − P )2, one just gets the contribution for
the magnetic form factor with the power behavior of Q−4. This form factor was measured
in a comprehensive region and calculated with different techniques, basically with the QCD
factorization theorem. Among other form factors, we studied the magnetic form factor in
[1]. For further information, we recommend the references in this work.
Moving to intermediate values of the momentum transfer, one also gets contributions for
the Pauli form factor with the power behavior of Q−6. The different power behavior arises
from the helicity flip of the nucleon and so this form factor is also known as helicity flip
form factor. Concerning this form factor, experimental data are also available. Moreover,
one has discovered a different behavior depending on the type of the experiment.
The basic information were taken from unpolarized cross sections. Using the Rosenbluth
separation technique [2], several experiments were performed. Hereby, early experiments
did not show significant double photon corrections, see [3], [4], [5], [6], [7], [8], [9], [10], or
radiative corrections, see [11], [12]. Further experiments were executed in [13], [14], [15], and
with taking into account radiative corrections, see [16], [17]. Moreover, the available data
were fitted in [18]. The consequences of radiative corrections were considered in [19]. The
discussed technique is useful at low Q2, but at larger Q2, the contribution of the helicity
flip form factor is suppressed by the momentum transfer. However, the electric form factor
seems to have the same power behavior as the magnetic form factor. In order to measure the
desired form factor at larger values of Q2, one has to study polarized cross sections. During
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the last years, the experimental requirements have been created and so various experiments
have been performed. Hereby, one needs a polarized electron beam. From the experimental
perspective, the polarization transfer method, discussed in [20], seems to be in favor. Hereby,
one has to measure the polarization of the recoil proton [21], [22], [23], [24], [25], [26], [27],
[28]. The alternative is to use polarized proton targets [29], [30]. Concerning these data, the
electric form factor seems to be power suppressed compared to the magnetic form factor.
The different measurements were compared in [31], [32], [33].
From the theoretical perspective, the calculation of the desired form factor in the large
Q2 region is problematic. Using the QCD factorization theorem and the basic one photon
exchange, the Pauli form factor was studied in [34]. In this work, divergent integrals were
obtained and therefore a cutoff parameter related to an effective size of the nucleon was
introduced. This form factor was also considered in [35]. Hereby, different models were
considered and a cutoff parameter related to an effective mass of the nucleon was discussed
with different logarithmic power behavior.
In order to understand the different behavior in the discussed experiments, it has been
suggested that the two photon exchange contribution can cause this situation. Therefore, an
advanced form factor parametrization was developed in [36]. The modified magnetic form
factor was calculated in [37]. The obtained corrections cannot describe the experiments
without an input from the helicity flip form factor. Therefore, it is necessary to study the
required form factor in one and two photon exchange approximation.
Let us apply the technique specified in [1] to evaluate the form factor. We have to
combine QCD perturbation theory with an expansion in nucleon distribution amplitudes
again. Hereby, we have to use the combination of leading and sub-leading twist nucleon
distribution amplitudes, studied in [38]. We will start with the one photon exchange and we
will finish with the two photon exchange. Using our technique, we will obtain a divergent
result for the form factor. Nevertheless, the structure of the divergency can be extracted.
Concerning the modified helicity flip form factor, we will obtain the dependence on one
additional variable. Calculating the experimental cross section of the process and using
the momentum transfer and the scattering angle as variables, one gets a different general
behavior in the one and two photon exchange approximation. In the first case, the form factor
depends on the momentum transfer only. This was already known and so the Rosenbluth
separation technique could be applied. In the second case, the form factor depends on the
3
momentum transfer and apart from that, it depends on the scattering angle additionally.
That means, the Rosenbluth separation technique cannot be used in this case. Moreover,
the obtained power behavior of the helicity flip form factor can describe the experimental
data based on polarized cross sections qualitatively. According to this, we can explain the
different behavior in the experiments using unpolarized or polarized cross sections. Finally,
we will discuss the required modifications to avoid the divergency.
II. ONE PHOTON EXCHANGE APPROXIMATION
Let us start with the presentation of a sample diagram. In the upper part, we see the
incoming electron on the left and the outgoing electron on the right. In the lower part, we
have the incoming proton on the left and the outgoing proton on the right. The required
quark lines denote u, u, d from top to bottom. The designations at the vertices are the
corresponding coordinates and the designations at the lines are the corresponding momenta.
l
q
l′
u3P v3P
′
P
u1P ∆1
Λ1
v1P
′
u2P ∆2 v2P
′
Λ2
P ′
y2
x4
y1
x1
x2
x3
We need the expression for the scattering amplitude. Applying QED Feynman rules, one
can evaluate the leptonic part of the diagram directly
M = −i(4piαem)
2∏
i=1
∫
d4yi
(2pi)4
∫
d4q
q2 + i0
u¯(l′)γµu(l)〈p(P ′)|Jemµ (y1)|p(P )〉 e
iq·(y2−y1) e−iy2·(l−l
′) .
One can replace 〈p(P ′)|Jemµ (y1)|p(P )〉 with 〈p(P
′)|Jemµ (0)|p(P )〉 e
−iy1·(P−P ′). The y2 inte-
gration leads to q = l − l′ and the y1 integration leads to q = P
′ − P , so that
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M = −
i(4piαem)
q2
u¯(l′)γµu(l)〈p(P ′)|Jemµ (0)|p(P )〉. (3)
Using Q2 = −q2 and 2P¯ = P+P ′, we introduce the expansion in nucleon electromagnetic
form factors
M =
i(4piαem)
Q2
u¯(l′)γµu(l)N¯(P ′)
[
GpM(Q
2)γµ − F
p
2 (Q
2)
P¯µ
mN
]
N(P ). (4)
The advantage of this expression is the separation of the leptonic and the hadronic part.
Consequently, we only need to consider the matrix element 〈p(P ′)|Jemµ (0)|p(P )〉. This be-
havior was already used for the calculation of the magnetic form factor, see [1].
Applying the S-matrix expansion including the interaction part of the QCD Lagrangian,
one gets the following leading expression for the desired matrix element
(4piα¯s)
2
24
〈p(P ′)|
∑
q
eqψ¯q(0)γµψq(0) T
[
4∏
i=1
∫
d4xi
∑
qi
ψ¯qi(xi)γαiA
αi(xi)ψqi(xi)
]
|p(P )〉.
This expansion can be described by 42 Feynman diagrams and Wick contractions. We
can extract the representation of the diagram which we want to study.
Let us begin with the determination of the color factor. Therefore, one has to examine
the color structure of the diagram, denoting the color indices with (a, . . . , i). We get
¯[ψu(x1)]c[ψu(0)]a ¯[ψu(x3)]g[ψu(x2)]d [t
a1 ]bc[t
a2 ]deA
a1
α1
(x1)A
a2
α2
(x2) [t
a3 ]fg[t
a4 ]hiA
a3
α3
(x3)A
a4
α4
(x4)
〈p(P ′)|[ψ¯u(x1)]b[ψ¯u(x3)]f [ψ¯d(x4)]h|0〉〈0|[ψu(0)]a[ψu(x2)]e[ψd(x4)]i|p(P )〉.
Combining all terms and contracting the generators, one gets the color factor
CF =
1
6
εbfhεaeiδcaδgd[t
a1 ]bc[t
a2 ]de[t
a3 ]fg[t
a4 ]hiδ
a1a2δa3a4 =
4
9
. (5)
We continue with the evaluation of the Lorentz structure of the diagram, designating the
Lorentz indices with (a, . . . , j). Including CF , we obtain the following expression
−
(4piα¯s)
2eu
54
4∏
i=1
∫
d4xi[γµ]ab[γα1]cd[γα2 ]ef [γα3 ]gh[γα4 ]ij
¯[ψu(x1)]d[ψu(0)]a ¯[ψu(x3)]h[ψu(x2)]eA
α1(x1)A
α2(x2)A
α3(x3)A
α4(x4)
〈p(P ′)|[ψ¯u(x1)]c[ψ¯u(x3)]g[ψ¯d(x4)]i|0〉〈0|[ψu(0)]b[ψu(x2)]f [ψd(x4)]j|p(P )〉.
In order to evaluate this expression, we have to apply the representations for the propa-
gators and for the projection matrix elements
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(4piα¯s)
2eu
864
4∏
i=1
∫
d4xi
(2pi)4
2∏
j=1
∫
d4∆j
∆2j + i0
2∏
k=1
∫
d4Λk
Λ2k + i0
∫
[du][dv]gα1α2gα3α4S
e−ix1·(∆1−Λ1−v1p
′) e−ix2·(−∆2+Λ1+u2p) e−ix3·(∆2−Λ2−v2p
′) e−ix4·(Λ2+u3p−v3p
′) .
Computing the integrations, one gets the required momentum conservation constraints
∆1 = (v1 + v2 + v3)p
′ − (u2 + u3)p ∆2 = (v2 + v3)p
′ − u3p
Λ1 = (v2 + v3)p
′ − (u2 + u3)p Λ2 = v3p
′ − u3p.
The component S is the sum of all required structures connected with combinations of
nucleon distribution amplitudes and nucleon spinors. In order to get the desired contribu-
tions, one has to combine the twist-3 and twist-4 distribution amplitudes, studied in [38].
Furthermore, one has to specify the frame. We prefer to use the light cone decomposition
given by Pµ = pµ+ (m
2
N/Q
2)p′µ and P
′
µ = p
′
µ+ (m
2
N/Q
2)pµ. Using this frame, we can derive
the equation of motion relations and eliminate the small component of the spinor and pro-
ceed with the large component only. Let us omit the dependence on the quark momentum
fractions. Moreover, we use the standard notation for the spinors.
We get the following structures for initial twist-4 and final twist-3
S1 = (mN/Q
2)N¯(P ′)γα4upslopep
′N(P ) Tr[γµupslopepγα2upslope∆2γα3upslopep
′γα1upslope∆1](V1V2 + A1A2 + V1V3 −A1A3)
S2 = (mN/Q
2)N¯(P ′)γα4γ5upslopep
′N(P ) Tr[γ5γµupslopepγα2upslope∆2γα3upslopep
′γα1upslope∆1](A1V2 + V1A2 − A1V3 + V1A3)
S3 = (mN/2)N¯(P
′)γα4γ
λN(P ) Tr[γµγλγα2upslope∆2γα3upslopep
′γα1upslope∆1](−V1V3 + A1A3)
S4 = (mN/2)N¯(P
′)γα4γ5γ
λN(P ) Tr[γ5γµγλγα2upslope∆2γα3upslopep
′γα1upslope∆1](−A1V3 + V1A3)
S5 = (mN )N¯(P
′)γλ
′
γα4N(P ) Tr[γµγα2upslope∆2γα3iσλ′p′γα1upslope∆1](T1S1)
S6 = (mN )N¯(P
′)γλ
′
γα4γ5N(P ) Tr[γ5γµγα2upslope∆2γα3iσλ′p′γα1upslope∆1](−T1P1)
S7 = (2mN/Q
2)N¯(P ′)γλ
′
γα4N(P ) Tr[γµiσpp′γα2upslope∆2γα3iσλ′p′γα1upslope∆1](T1T2 − T1T3 + T1T7)
S8 = (mN/Q
2)N¯(P ′)γλ
′
γα4γ
λupslopep′N(P ) Tr[γµiσλpγα2upslope∆2γα3iσλ′p′γα1upslope∆1](T1T2 + 2T1T7)
S9 = (mN/2)N¯(P
′)γλ
′
γα4iσ
λκN(P ) Tr[γµiσλκγα2upslope∆2γα3iσλ′p′γα1upslope∆1](T1T7).
We get the following structures for initial twist-3 and final twist-4
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S10 = (mN/Q
2)N¯(P ′)upslopepγα4N(P ) Tr[γµupslopepγα2upslope∆2γα3upslopep
′γα1upslope∆1](V2V1 + A2A1 + V3V1 −A3A1)
S11 = (mN/Q
2)N¯(P ′)upslopepγα4γ5N(P ) Tr[γ5γµupslopepγα2upslope∆2γα3upslopep
′γα1upslope∆1](V2A1 + A2V1 + V3A1 − A3V1)
S12 = (mN/2)N¯(P
′)γλ
′
γα4N(P ) Tr[γµupslopepγα2upslope∆2γα3γλ′γα1upslope∆1](−V3V1 + A3A1)
S13 = (mN/2)N¯(P
′)γλ
′
γα4γ5N(P ) Tr[γ5γµupslopepγα2upslope∆2γα3γλ′γα1upslope∆1](−V3A1 + A3V1)
S14 = (mN)N¯(P
′)γα4γ
λN(P ) Tr[γµiσλpγα2upslope∆2γα3γα1upslope∆1](−S1T1)
S15 = (mN)N¯(P
′)γα4γ5γ
λN(P ) Tr[γ5γµiσλpγα2upslope∆2γα3γα1upslope∆1](P1T1)
S16 = (2mN/Q
2)N¯(P ′)γα4γ
λN(P ) Tr[γµiσλpγα2upslope∆2γα3iσp′pγα1upslope∆1](T2T1 − T3T1 + T7T1)
S17 = (mN/Q
2)N¯(P ′)upslopepγλ
′
γα4γ
λN(P ) Tr[γµiσλpγα2upslope∆2γα3iσλ′p′γα1upslope∆1](T2T1 + 2T7T1)
S18 = (mN/2)N¯(P
′)iσλ
′κ′γα4γ
λN(P ) Tr[γµiσλpγα2upslope∆2γα3iσλ′κ′γα1upslope∆1](T7T1).
Computing every structure, one always gets the dependence on N¯(P ′)P¯µN(P ) as pre-
dicted. One can simplify the expression by exchanging u ↔ v for contributions of initial
twist-3 and final twist-4. Consequently, we obtain a representation depending on initial
twist-4 and final twist-3 only.
Let us now present the result of the discussed diagram depending on the integration over
the quark momentum fractions. When we compare with the separated hadronic part of (4),
we can extract the contribution to the desired form factor. In order to get the complete
result, one also needs the contributions of the other diagrams designated by C,
F p2 (Q
2) = −
(4piα¯s)
2eu
108
m2N
Q6
∫
[du]
u3(u2 + u3)2
[dv]
v23(v2 + v3)
2
D + C. (6)
The component D is the sum of the remaining twist combinations of distribution ampli-
tudes connected with multiple quark momentum fractions
D1 = [V1V2 + A1A2](2(u2 + u3)(v2 + v3))
D2 = [V1V3 −A1A3](v3 − (u2 + u3)(v2 + v3))
D3 = [V1A3 − A1V3](v3 + (u2 + u3)(v2 + v3))
D4 = [T1S1 − T1P1](+2v3 − 2(u2 + u3)v3)
D5 = [T1T3 + T1T7](−2v3 − 2(u2 + u3)v3).
Finally, we must insert the nucleon distribution amplitudes. Unfortunately, the corre-
sponding integration is divergent. This divergency arises from endpoint singularities. That
means, the integrals get divergent when a quark has no momentum or the full momentum of
7
the nucleon. In order to analyze the structure of the divergency, one can introduce a cutoff
parameter Ω. Therefore, one has to respect that in case of infinite momentum transfer the
integration must go from zero to one for every quark momentum fraction. According to this,
we always integrate from Ω/Q2 to 1−Ω/Q2, keeping in mind that the introduced parameter
has the same dimension as the momentum transfer.
Computing the modified integration, we can extract the structure of the divergency. The
general behavior does not depend on the chosen polynomial expansion of the distribution
amplitudes. Moreover, this behavior is identical for all other required diagrams as well.
Consequently, we can generally express the power behavior of the helicity flip form factor
depending on the cutoff parameter
F p2 (Q
2) ∝ Q−6 ln2(Q2/Ω). (7)
We derived the expected power behavior of Q−6 and we obtained a double logarithmic
divergency in the case of Ω→ 0. This behavior is in agreement with [34].
III. TWO PHOTON EXCHANGE APPROXIMATION
Let us begin with the discussion about an important behavior of this situation. In the
one photon case, the inversion of the lepton direction delivers the same contribution to
the scattering amplitude. This statement is not true in the two photon case, because the
inversion of the lepton direction produces another diagram. Therefore, one has to distinguish
between the box diagram and the cross diagram. The corresponding contributions to the
scattering amplitude must be calculated separately.
We start with the presentation of the box diagram. In the upper part, we see the incoming
electron on the left and the outgoing electron on the right. In the lower part, we have the
incoming proton on the left and the outgoing proton on the right. The required quark lines
denote u, u, d from top to bottom. The designations at the vertices are the corresponding
coordinates and the designations at the lines are the corresponding momenta.
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l Γ
q1 q2
l′
u3P v3P
′
P
u1P v1P
′
u2P ∆ v2P
′
Λ
P ′
y3 y4
x2
y1
y2
x1
We need the expression for the scattering amplitude. Applying QED Feynman rules,
one can evaluate the leptonic part of the diagram directly. Moreover, one can neglect the
electron mass in the propagator
MB = −
i(4piαem)
2
24
4∏
i=1
∫
d4yi
(2pi)4
2∏
j=1
∫
d4qj
q2j + i0
∫
d4Γ
Γ2 + i0
u¯(l′)γµ2upslopeΓγµ1u(l)
〈p(P ′)|Jemµ2 (y2)J
em
µ1
(y1)|p(P )〉 e
iq1·(y3−y1) eiq2·(y4−y2) e−iΓ·(y4−y3) e−iy3·l eiy4·l
′
.
The integration over y3 leads to Γ = l−q1 and the integration over y4 leads to Γ = l
′+q2.
Combining them, one gets the representation 2Γ = (l + l′) + (q2 − q1). We obtain
MB = −
i(4piαem)
2
24
2∏
i=1
∫
d4yi
(2pi)4
2∏
j=1
∫
d4qj
q2j + i0
1
Γ2
u¯(l′)γµ2upslopeΓγµ1u(l)
〈p(P ′)|Jemµ2 (y2)J
em
µ1
(y1)|p(P )〉 e
−iy1·q1 e−iy2·q2 .
(8)
We finish with the presentation of the cross diagram. In the upper part, we see the
incoming electron on the right and the outgoing electron on the left. In the lower part, we
have the incoming proton on the left and the outgoing proton on the right. The required
quark lines denote u, u, d from top to bottom. The designations at the vertices are the
corresponding coordinates and the designations at the lines are the corresponding momenta.
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l′ Γ
q1 q2
l
u3P v3P
′
P
u1P v1P
′
u2P ∆ v2P
′
Λ
P ′
y4 y3
x2
y1
y2
x1
We need the expression for the scattering amplitude. Applying QED Feynman rules, one
can evaluate the leptonic part of the diagram directly. Furthermore, one can neglect the
electron mass in the propagator
MC = −
i(4piαem)
2
24
4∏
i=1
∫
d4yi
(2pi)4
2∏
j=1
∫
d4qj
q2j + i0
∫
d4Γ
Γ2 + i0
u¯(l′)γµ1upslopeΓγµ2u(l)
〈p(P ′)|Jemµ2 (y2)J
em
µ1
(y1)|p(P )〉 e
iq1·(y4−y1) eiq2·(y3−y2) e−iΓ·(y4−y3) e−iy3·l eiy4·l
′
.
The integration over y3 leads to Γ = l−q2 and the integration over y4 leads to Γ = l
′+q1.
Combining them, one gets the representation 2Γ = (l + l′) + (q1 − q2). We obtain
MC = −
i(4piαem)
2
24
2∏
i=1
∫
d4yi
(2pi)4
2∏
j=1
∫
d4qj
q2j + i0
1
Γ2
u¯(l′)γµ1upslopeΓγµ2u(l)
〈p(P ′)|Jemµ2 (y2)J
em
µ1
(y1)|p(P )〉 e
−iy1·q1 e−iy2·q2 .
(9)
The overall result for the scattering amplitude is given by M = MB +MC. Let us
now introduce the expansion in nucleon electromagnetic form factors. Unfortunately, the
leptonic and the hadronic part are not separated in this case. Nevertheless, one can show the
existence of a separated representation for M. Whereas the basic expression just depends
one the nucleon momenta, the modified expression also depends on the lepton momenta. The
derivation can be taken from [36]. Therefore, we can use Q2 = −q2 and assume q = l − l′
together with q = P ′ − P . Furthermore, we need 2P¯ = P + P ′ and 2L¯ = l + l′. One gets
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M =
i(4piαem)
Q2
u¯(l′)γµu(l)N¯(P ′)
[
G˜pMγµ − F˜
p
2
P¯µ
mN
+ F˜ p3
u¯pslopeLP¯µ
m2N
]
N(P ). (10)
All form factors depend on Q2 and one additional variable. Therefore, we choose the
dimensionless quantity ω defined by ω = 4(P¯ · L¯)/Q2. At large Q2, one gets the boundary
condition ω ≥ 1. In principle, one can generally expand every form factor as F˜ = F + δF ,
where F is the single photon exchange contribution and δF is the multi photon exchange
contribution. We do not use this decomposition because we consider the one and two photon
exchange separately. The leading form factors are considered in [37].
Let us now study the matrix element 〈p(P ′)|Jemµ2 (y2)J
em
µ1
(y1)|p(P )〉. The evaluation of
this matrix element must be combined with the other terms in (8) and (9) to derive a result
for the form factor. Applying the S-matrix expansion including the interaction part of the
QCD Lagrangian, one gets the following leading expression for this matrix element
−
(4piα¯s)
2
〈p(P ′)|
1∏
j=2
∑
qj
eqj ψ¯qj(yj)γµjψqj(yj) T
[
2∏
i=1
∫
d4xi
∑
qi
ψ¯qi(xi)γαiA
αi(xi)ψqi(xi)
]
|p(P )〉.
This expansion can be described by 12 Feynman diagrams and Wick contractions. We
can extract the representation of the diagram which we want to study.
Let us begin with the determination of the color factor. Therefore, one has to examine
the color structure of the diagram. We denote the color indices with (a, . . . , f). We get
¯[ψu(x1)]d[ψu(y2)]a [t
a1 ]cd[t
a2 ]efA
a1
α1
(x1)A
a2
α2
(x2)
〈p(P ′)|[ψ¯u(y1)]b[ψ¯u(x1)]c[ψ¯d(x2)]e|0〉〈0|[ψu(y1)]b[ψu(y2)]a[ψd(x2)]f |p(P )〉.
Combining all terms and contracting the generators, one gets the color factor
CF =
1
6
εbceεbafδda[t
a1 ]cd[t
a2 ]efδ
a1a2 = −
2
3
. (11)
We continue with the evaluation of the Lorentz structure of the diagram. Therefore, we
designate the Lorentz indices with (a, . . . , h). Hereby, we have to distinguish between the
box and cross contribution. Nevertheless, we have to include CF in both representations.
Keeping in mind 2Γ = (l + l′) + (q2 − q1), one gets the expression for (8)
MB =
i(4piα¯s)(4piαem)
2e2u
72
2∏
i=1
∫
d4xi
2∏
j=1
∫
d4yj
(2pi)4
2∏
k=1
∫
d4qk
q2k + i0
1
Γ2
u¯(l′)γµ2upslopeΓγµ1u(l)
[γµ2 ]ab[γµ1 ]cd[γα1 ]ef [γα2 ]gh
¯[ψu(x1)]f [ψu(y2)]aA
α1(x1)A
α2(x2) e
−iy1·q1 e−iy2·q2
〈p(P ′)|[ψ¯u(y1)]c[ψ¯u(x1)]e[ψ¯d(x2)]g|0〉〈0|[ψu(y1)]d[ψu(y2)]b[ψd(x2)]h|p(P )〉.
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Keeping in mind 2Γ = (l + l′) + (q1 − q2), one gets the expression for (9)
MC =
i(4piα¯s)(4piαem)
2e2u
72
2∏
i=1
∫
d4xi
2∏
j=1
∫
d4yj
(2pi)4
2∏
k=1
∫
d4qk
q2k + i0
1
Γ2
u¯(l′)γµ1upslopeΓγµ2u(l)
[γµ2 ]ab[γµ1 ]cd[γα1 ]ef [γα2 ]gh
¯[ψu(x1)]f [ψu(y2)]aA
α1(x1)A
α2(x2) e
−iy1·q1 e−iy2·q2
〈p(P ′)|[ψ¯u(y1)]c[ψ¯u(x1)]e[ψ¯d(x2)]g|0〉〈0|[ψu(y1)]d[ψu(y2)]b[ψd(x2)]h|p(P )〉.
In order to evaluate these expressions, we have to apply the representations for the
propagators and for the projection matrix elements.
We present the expression for (8) with 2Γ = (l + l′) + (q2 − q1) at first
MB = −
i(4piα¯s)(4piαem)
2e2u
1152
2∏
i=1
∫
d4xi
(2pi)4
2∏
j=1
∫
d4yj
(2pi)4
2∏
k=1
∫
d4qk
q2k + i0
∫
d4∆
∆2 + i0
∫
d4Λ
Λ2 + i0
1
Γ2
u¯(l′)γµ2upslopeΓγµ1u(l)
∫
[du][dv]gα1α2S
e−iy1·(q1+u1p−v1p
′) e−iy2·(q2−∆+u2p) e−ix1·(∆−Λ−v2p
′) e−ix2·(Λ+u3p−v3p
′) .
We present the expression for (9) with 2Γ = (l + l′) + (q1 − q2) at last
MC = −
i(4piα¯s)(4piαem)
2e2u
1152
2∏
i=1
∫
d4xi
(2pi)4
2∏
j=1
∫
d4yj
(2pi)4
2∏
k=1
∫
d4qk
q2k + i0
∫
d4∆
∆2 + i0
∫
d4Λ
Λ2 + i0
1
Γ2
u¯(l′)γµ1upslopeΓγµ2u(l)
∫
[du][dv]gα1α2S
e−iy1·(q1+u1p−v1p
′) e−iy2·(q2−∆+u2p) e−ix1·(∆−Λ−v2p
′) e−ix2·(Λ+u3p−v3p
′) .
The appearing integrations are identical in both cases. After computation of these in-
tegrations, one gets the required momentum conservation constraints. We notice that the
photon momenta do not depend on ω consequentially
q1 = v1p
′ − u1p ∆ = (v2 + v3)p
′ − u3p
q2 = (v2 + v3)p
′ − (u2 + u3)p Λ = v3p
′ − u3p.
The component S is the sum of all required structures connected with combinations of
nucleon distribution amplitudes and nucleon spinors. In order to get the desired contribu-
tions, one has to combine the twist-3 and twist-4 distribution amplitudes, studied in [38].
Furthermore, one has to specify the frame. We prefer to use the light cone decomposition
given by Pµ = pµ+ (m
2
N/Q
2)p′µ and P
′
µ = p
′
µ+ (m
2
N/Q
2)pµ. Using this frame, we can derive
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the equation of motion relations and eliminate the small component of the spinor and pro-
ceed with the large component only. Let us omit the dependence on the quark momentum
fractions. Moreover, we use the standard notation for the spinors.
We get the following structures for initial twist-4 and final twist-3
S1 = (mN/Q
2)N¯(P ′)γα2upslopep
′N(P ) Tr[γµ1upslopepγµ2upslope∆γα1upslopep
′](V1V2 + A1A2 + V1V3 −A1A3)
S2 = (mN/Q
2)N¯(P ′)γα2γ5upslopep
′N(P ) Tr[γ5γµ1upslopepγµ2upslope∆γα1upslopep
′](A1V2 + V1A2 − A1V3 + V1A3)
S3 = (mN/2)N¯(P
′)γα2γ
λN(P ) Tr[γµ1γλγµ2upslope∆γα1upslopep
′](−V1V3 + A1A3)
S4 = (mN/2)N¯(P
′)γα2γ5γ
λN(P ) Tr[γ5γµ1γλγµ2upslope∆γα1upslopep
′](−A1V3 + V1A3)
S5 = (mN )N¯(P
′)γλ
′
γα2N(P ) Tr[γµ1γµ2upslope∆γα1iσλ′p′](T1S1)
S6 = (mN )N¯(P
′)γλ
′
γα2γ5N(P ) Tr[γ5γµ1γµ2upslope∆γα1iσλ′p′](−T1P1)
S7 = (2mN/Q
2)N¯(P ′)γλ
′
γα2N(P ) Tr[γµ1iσpp′γµ2upslope∆γα1iσλ′p′](T1T2 − T1T3 + T1T7)
S8 = (mN/Q
2)N¯(P ′)γλ
′
γα2γ
λupslopep′N(P ) Tr[γµ1iσλpγµ2upslope∆γα1iσλ′p′ ](T1T2 + 2T1T7)
S9 = (mN/2)N¯(P
′)γλ
′
γα2iσ
λκN(P ) Tr[γµ1iσλκγµ2upslope∆γα1iσλ′p′](T1T7).
We get the following structures for initial twist-3 and final twist-4
S10 = (mN/Q
2)N¯(P ′)upslopepγα2N(P ) Tr[γµ1upslopepγµ2upslope∆γα1upslopep
′](V2V1 + A2A1 + V3V1 −A3A1)
S11 = (mN/Q
2)N¯(P ′)upslopepγα2γ5N(P ) Tr[γ5γµ1upslopepγµ2upslope∆γα1upslopep
′](V2A1 + A2V1 + V3A1 − A3V1)
S12 = (mN/2)N¯(P
′)γλ
′
γα2N(P ) Tr[γµ1upslopepγµ2upslope∆γα1γλ′ ](−V3V1 + A3A1)
S13 = (mN/2)N¯(P
′)γλ
′
γα2γ5N(P ) Tr[γ5γµ1upslopepγµ2upslope∆γα1γλ′ ](−V3A1 + A3V1)
S14 = (mN)N¯(P
′)γα2γ
λN(P ) Tr[γµ1iσλpγµ2upslope∆γα1 ](−S1T1)
S15 = (mN)N¯(P
′)γα2γ5γ
λN(P ) Tr[γ5γµ1iσλpγµ2upslope∆γα1 ](P1T1)
S16 = (2mN/Q
2)N¯(P ′)γα2γ
λN(P ) Tr[γµ1iσλpγµ2upslope∆γα1iσp′p](T2T1 − T3T1 + T7T1)
S17 = (mN/Q
2)N¯(P ′)upslopepγλ
′
γα2γ
λN(P ) Tr[γµ1iσλpγµ2upslope∆γα1iσλ′p′](T2T1 + 2T7T1)
S18 = (mN/2)N¯(P
′)iσλ
′κ′γα2γ
λN(P ) Tr[γµ1iσλpγµ2upslope∆γα1iσλ′κ′](T7T1).
Computing every structure, we get the dependence on multiple combinations of lepton
and nucleon spinors. Nevertheless, it is possible to express all these combinations as functions
of the desired component u¯(l′)γµu(l)N¯(P ′)P¯µN(P ) only. Therefore, we have to use that the
combination u¯(l′)γµγ5u(l)N¯(P
′)P¯µγ5N(P ) does not contribute. Using u1 + u2 + u3 = 1 and
v1 + v2 + v3 = 1, one gets convenient representations for all components. We notice that in
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the obtained result for M, the leptonic and the hadronic part are separated now. One can
apply the same twist exchange as in the previous case.
Let us now present the result of the discussed diagram connection depending on the
integration over the quark momentum fractions. When we compare with (10), we can
extract the contribution to the desired form factor. In order to get the complete result, one
also needs the contributions of the other diagrams designated by C,
F˜ p2 (ω,Q
2) =
(4piα¯s)(4piαem)e
2
u
72
m2N
Q6
∫
[du]
u1u3(u2 + u3)
[dv]
v1v
2
3(v2 + v3)
2
(ω/((u1(v2 + v3) + (u2 + u3)v1)
2 − (u1 − v1)
2ω2))D + C.
(12)
The component D is the sum of the remaining twist combinations of distribution ampli-
tudes connected with multiple quark momentum fractions
D1 = [V1V2 + A1A2](2u1(u2 + u3)(v2 + v3) + 2v1(v2 + v3)
2)
D2 = [V1V3 −A1A3](4u1v3(v2 + v3)− u1(u2 + u3)(v2 + v3)− v1(v2 + v3)
2)
D3 = [V1A3 − A1V3](4u1v3(v2 + v3) + u1(u2 + u3)(v2 + v3) + v1(v2 + v3)
2)
D4 = [T1S1 − T1P1](+8u1v3(v2 + v3)− 2u1(u2 + u3)v3 − 2v1v3(v2 + v3))
D5 = [T1T3 + T1T7](−8u1v3(v2 + v3)− 2u1(u2 + u3)v3 − 2v1v3(v2 + v3)).
Finally, we must insert the nucleon distribution amplitudes again. Unfortunately, the
corresponding integration is divergent. This behavior is similar to the one photon exchange,
but now we get another singularity. This divergency just appears at the limit ω = 1 and
it is also an endpoint singularity. In order to analyze the structure of the divergency, we
introduce an analogous cutoff parameter Ω as applied in the previous case.
Computing the modified integration, we can extract the structure of the divergency. The
general behavior does not depend on the chosen polynomial expansion of the distribution
amplitudes. Moreover, this behavior is identical for all other required diagrams as well.
Consequently, we can generally express the power behavior of the helicity flip form factor
depending on the cutoff parameter
F˜ p2 (Q
2) ∝ Q−6 ln2(Q2/Ω). (13)
We derived the expected power behavior of Q−6 and we obtained a double logarithmic
divergency in the case of Ω→ 0. This behavior is in agreement with [34].
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IV. CONCLUSION AND OUTLOOK
We want to emphasize that the result has the same power behavior for the helicity flip
form factor in the one and two photon exchange approximation. According to this, one can
study these contributions simultaneously. Concerning the modified helicity flip form factor
of the two photon exchange, we obtained the dependence on one additional variable which
can be related to the scattering angle of the experimental cross section. This behavior causes
problems for the interpretation of unpolarized cross sections. Furthermore, we realize that
the obtained power behavior of the helicity flip form factor can describe the experimental
data based on polarized cross sections qualitatively. These conclusions can explain the
different behavior in the experiments using unpolarized or polarized cross sections.
Finally, we have to discuss the required modifications to avoid the divergency. The
appearing double logarithmic singularities indicate the existence of not included soft contri-
butions. This is a consequence of the factorization approach where possible contributions
from remaining soft spectator quarks are considered as power suppressed. Meanwhile, there
are evidences that those contributions cannot be neglected. Using a soft effective theory,
the behavior of soft contributions is discussed in [39]. In this work, it has been pointed out
that the discussed soft contributions have the same power behavior as the factorized contri-
butions and so they must be taken into account. Unfortunately, the required techniques to
get all possible soft contributions are still in development.
The studies about various nucleon form factors in multi photon exchange approximation
including factorizable and non-factorizable contributions are an interesting topic which re-
quires further investigations. Meanwhile, also comprehensive reviews were written, see [40]
and [41] to get an overview about the obtained achievement.
We want to thank Dr. N. Kivel for useful discussions and Prof. Dr. M. V. Polyakov for
enabling this work.
The work has been supported by BMBF grant 06BO9012.
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